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D e soriDtion TITLE OF THE INVENTION 



ARRANGEMENT OF AN ELECTRICAL COMPONENT PLACED ON A SUBSTRATE, AND 

METHOD FOR PRODUCING THE SAME 



CROSS REFERENCE TO RELATED APPLICATIONS 

rooon This application is based on and hereby claims priority to PCT Application No. 
PCT/EP2004/051460 filed on July 12, 2004 and German Application No. 10335155.8 filed July 
31. 2003, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The inyention relates to an arrangement of an electrical component on a substrate, a 
film comprising a plastic material being present and at least one part of the film being connected 
to the component and the substrate such that a surface contour defined by the component and 
the substrate is mapped in a surface contour of the part of the film. A method for producing the 
said arrangement is also specified. 

[0003] Such an arrangement and a method for producing the said arrangement are known 
for example from WO 03/030247 A2. The substrate is for example a DCB (Direct Copper 
Bonding) substrate, comprising a support layer made of a ceramic material, to both sides of 
which electrically conductive copper layers are attached. A semiconductor component is for 
example soldered to one of these electrically conductive copper layers such that an electrical 
contact surface of the semiconductor component is present facing away from the substrate. 

[0004] A polyimide or epoxy resin based film is vacuum-laminated to this arrangement 
comprising the semiconductor component and the substrate, such that the film is connected 
with close contact to the semiconductor component and the substrate. The film is connected in 
a positive and non-positive manner to the semiconductor component and the substrate. The 
surface contour (topology) defined by the semiconductor component and the substrate is 
mapped in the surface contour of the film. The film follows the surface contour of the 
semiconductor component and the substrate. 
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[0005] The film of the known arrangement comprises an electrically insulating plastic 
material. A window is opened in the film for electrical contact with the contact surface of the 
semiconductor component. This exposes the contact surface of the semiconductor component. 
Electrically conductive material is then applied to the contact surface. 

[0006] The film is only used to produce the electrical contact and to insulate the component 
electrically. It is not possible to integrate a further functionality, for example cooling of the 
semiconductor component, in the multilayer structure with the known film. 

SUMMARY OF THE INVENTION 

[0007] One possible T he-obiect of the present invention is therefore to demonstrate how a 
numb e r plurality of functionalities can be integrated in a simple manner into the known 
multilayer structure. 

[0008] To achieve the said object, an arrangement of an electrical component on a substrate 
is specified, with a film comprising a plastic material being present and at least one part of the 
film being connected to the component and the substrate, such that a surface contour defined 
by the component and the substrate is mapped in a surface contour of the part of the film. The 
arrangement is characterized in that the film comprises a composite material as well as the 
plastic material and at least one filler material that is different from the plastic material. 

[0009] To achieve the object a method for producing the said arrangement is specified with 
the m e thod steps: a) preparation of an arrangement of at least one electrical component on a 
substrate and b) laminating the film with the composite material onto the component and the 
substrate, such that the surface contour defined by the component and the substrate is mapped 
in the surface contour of the film. 

[0010] The composite material comprises the plastic material and the filler material. The 
plastic material forms a matrix, in which the filler material is embedded. The filler material does 
not thereby primarily serve as an elongation agent. Rather the filler material allows a chemical, 
electrical and/or mechanical characteristic to be achieved, which could not be achieved with a 
plastic material alone. Thus the filler can be used to improve the chemical resistance of the 
composite material to a reactive substance. Improved adhesion of the film to the semiconductor 
component and/or the substrate can also be achieved. It is also possible to use an electrically 
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and/or thermally conductive filler material, resulting in an electrically and/or thermally conductive 
composite material. Corresponding filler materials can also be added to influence the module of 
elasticity of the film material of the film. It is possible to use the filler material to increase or 
reduce the elasticity of the film compared with a film made of a pure base material. Further 
characteristics of the composite material or film made from the composite material that can be 
influenced with the aid of the filler material are compression characteristics, gas permeability, 
pressure resistance, dimensional response and dielectric coefficient of the composite material of 
the film. These characteristics relate both to the working properties of the film and also to the 
function of the film in the finished multilayer structure. By using a mixture of a numb e r plurality of 
filler materials, it is possible to influence a number plurality of characteristics of the film in the 
required manner at the same time. 

[001 1] Any organic or inorganic filler material can be used as the filler material. The filler 
material itself is by way of example an organic polymer (plastic material). The inorganic filler 
material can be any metal. Inorganic compounds, e.g. carbonates, oxides, sulfides, etc., can 
also be used. Finally organometallic compounds can also be used as the filler material, for 
example organic silicon compounds. 

[0012] The filler material is preferably in powder and/or fiber form. The diameter of the filler 
material particles is a few nm to several pm. Like the type of filler material and the quantity of 
filler material in the base material, the diameter of the filler material particles is dimensioned 
such that a composite material with a specific characteristic and therefore a film with a specific 
characteristic result. The type, form and quantity of the filler material in particular are selected 
such that the film can be laminated into place. This means that the elasticity of the film is 
maintained even in the presence of the filler material, so that the film can follow the surface 
contour of the component and the substrate. The film is thereby in particular configured such 
that a height difference of up to 500 pm can be overcome. The height difference is for example 
defined by the topology of the substrate and by the components attached to the substrate. 

[0013] In a particular embodiment the filler material is electrically and/or thermally 
conductive. The plastic material, which forms the base material of the composite material, is 
generally characterized by a relatively low thermal and/or electrical conductivity. The embedding 
of the electrically and/or thermally conductive filler material allows a composite material with 
precisely these characteristics to be obtained. The content (quantity) of filler material in the 
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plastic material can thereby be selected such that the coagulation limit of the filler material in the 
base material is not reached. The relatively low content means that there is initially no electrical 
or thermal conductivity. By compressing the filler material in the composite material, for example 
by applying an external pressure to the film, it is possible to exceed the coagulation limit. Above 
the coagulation limit the filler material particles in the base material make contact with each 
other, such that compression ensures thermal and/or electrical conductivity through the film. It is 
then for example possible with the semiconductor component referred to above to achieve 
electrical contact with the contact surface of the component without exposing the contact 
surface and then applying an electrically conductive material. To this end it is possible to exert 
an additional pressure during and/or after lamination into place of the film at the point of the 
contact surface of the semiconductor component, resulting in compression of the filler material 
in this region of the film. 

[0014] Using a film with a thermally conductive filler material means that it is possible to 
dissipate heat resulting during operation of the component from the said component. The 
thermal conductivity A of the filler material at room temperature is at least 1 W.m"\K'\ For 
efficient heat dissipation the film is connected to a heat sink in a thermally conductive manner 
To increase thermal conductivity whilst at the same time keeping electrical conductivity low, a 
filler made of a ceramic material can be used. Such a material is for example powdered 
aluminum oxide (AI2O3). 

[0015] To achieve electrical or thermal conductivity, the filler material for example comprises 
a powdered metal. To this end it is also possible in particular to use carbon nanotubes, which 
have an electrical and thermal characteristic comparable to metals. 

[0016] In a particular embodiment a coefficient of thermal expansion of the composite 
material is adjusted to a coefficient of thermal expansion of a material of the component. This 
means that no thermally induced stresses occur, despite thermal loading of the arrangement. 
The positive and non-positive composite of the film and component or the film and substrate is 
maintained. This results in an arrangement that is stable even over a wide temperature range. 

[0017] The component is for example a power semiconductor component with a silicon base. 
Silicon has a coefTicient of thermal expansion of around 10 ppm/K. Films without a filler material 
generally have a coefficient of thermal expansion of more than 100 ppm/K. The inclusion of a 
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filler material with a relatively low coefficient of thermal expansion allows the coefficient of 
thermal expansion of the composite material of the film to be reduced. In particular it is then 
possible to achieve a coefficient of thermal expansion in the range of 7 ppm/K to 50 ppm/K. 

[0018] In a particular embodiment at least one further film is present and at least one further 
part of the further film is connected to the component and the substrate such that the surface 
contour of the component and the substrate is mapped in a further surface contour of the further 
part of the further film. There is then a multilayer structure. The plastic material of the further film 
can be the same plastic material or a different further plastic material from the plastic material of 
the film. The film may thereby only comprise the plastic material. A further film, which also 
comprises a composite material, is also possible. A further function can thus be integrated in the 
multilayer structure with the further film. For example one of the films can have high thermal 
conductivity. In contrast the further film is characterized by a corresponding electrical 
conductivity. Further characteristics, for example an ability to screen electromagnetic radiation, 
can also be integrated in the multilayer structure in this manner It is particularly advantageous if 
a coefficient of thermal expansion of the further composite material of the further film is also 
adjusted to the coefficient of thermal expansion of the material of the component. It results in a 
reliable multilayer structure scarcely affected by thermal stresses. 

[0019] With the multilayer structure the further film can be applied to the substrate, which is 
disposed directly on the substrate and the surface section. It is also possible for the further film 
to be disposed between the film and the substrate or the component on the substrate. It is also 
possible to dispose any number of films with the same, similar or different functions one on top 
of the other. 

[0020] The component can be any passive and/or active electrical component. It is preferred 
that a semiconductor component is used as the component. The semiconductor component is 
preferably a power semiconductor component selected from the MOSFET, IGBT and/or bipolar 
transistor group. The arrangement described above is particularly suitable for such components 
on a substrate. The film with filler materials can thus be used to achieve electrical contact with 
different contact surfaces of the semiconductor components in a simple manner. Further 
functions, such as thermal dissipation, can also be integrated in the multilayer structure. 
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[0021] The lamination into place of the film results in a close and permanent contact between 
the film and the component and between the film and the substrate. If the film completely covers 
the component due to lamination, the component can be hermetically shielded in this manner 
from outside influences. It is for example possible to prevent water penetrating, for example 
from a humid atmosphere, to the component. 

[0022] In a particular embodiment of the production method, the film is vacuum-laminated 
into place. This produces a particularly close and permanent contact between the film and the 
substrate and the component. Vacuum-lamination can be used to ensure that the surface 
contour defined by the substrate and the component is traced by the film. The surface contour 
of the film follows the surface contour of the component and the substrate. Lamination 
advantageously takes place in a vacuum press. Vacuum drawing, hydraulic vacuum 
compression, vacuum gas pressure compression and similar lamination methods are also 
possible. The pressure is advantageously applied isostatically Lamination takes place for 
example at temperatures of 100X to 250X and a pressure of 1 to 10 bar. The precise process 
parameters of the lamination process, i.e. pressure, temperature, time, etc., depend for example 
on the surface contour of the substrate, the composite material of the film and the thickness of 
the film. 

[0023] A film thickness from the range 25|jm to 150|jm has proven particularly advantageous. 
Bigger thicknesses of up to SOOpm are also possible. A number plurality o f thin films can be 
laminated on to achieve a specific overall thickness. 

[0024] In a particular embodiment a tempering step is carried out during and/or after the 
lamination into place of the film. It is for example possible to use a film with a plastic that is not 
or is only partially cross-linked. Increasing the temperature accelerates the cross-linking of the 
plastic material. The further cross-linking of the plastic material produces the close contact 
between the film and the substrate and the component. As well as continuing polymerization by 
increasing the temperature, it is also possible to continue the polymerization process by m e ans 
ef-light exposure. 

[0025] To improve the adhesion of the film to the component and the substrate, a layer of 
primer can be applied to the film and/or to the component or the substrate before lamination. 
Any single-component or multi-component adhesive can be used for this. A primer containing a 
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polysilane has proven particularly advantageous. The primer allows not only a positive and a 
non-positive contact to be produced but also a material contact. 

[0026] The plastic material can be any duroplastic and/or thermoplastic material. A film with 
at least one plastic material selected from the polyimide, polyethylene, polyphenol, 
polyetheretherketone and/or epoxy resin group is preferably used. The film can thereby contain 
mixtures of the said plastic materials. Copolymerisates are also possible with these plastic 
materials. Films with a halogen-free plastic material are used in particular with respect to 
environmental sustainability. Such films contain almost no halogens. 

[0027] To summarize, the following advantages may result from the inv e ntion : 

- the use of films containing filler materials means that the widest range of characteristics of the 
films can be influenced in the required manner. 

- films with different functions mean that different functions can be integrated in the multilayer 
structure. 

- a compact module with a simple structure can be produced in particular for the electrical 
insulation of power semiconductor components in combination with thermal contact with the 
power semiconductor components. 

- adjusting the coefficient of thermal expansion to the material of the component significantly 
increases the reliability of the multilayer structure. Th e inv e ntion is d e scr i b e d i n mor e d e tai l 
below w i th r e f e renc e to a p l ura li ty of ex e mplary e mbodim e nts and th e assoc i at e d figur es . Th e 
f i gur e s ar e schematic and not to sca l e. 

BRIEF DESCRIPTION OF THE DRAWINGS 

roO28tro0281 These and other obiects and advantages of the present invention will become 
more apparent and more readilv appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanving drawings of which: 

f0O3CTr00291 Figures 1 to 3 each show a lateral section of an arrangement of an electrical 
component on a substrate. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

roOWfO0301 Reference will now be made In detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

fOO^ro03n The arrangement 1 comprises an electrical component 3 on a substrate 2. The 
substrate 2 is a DCB substrate with a support layer 21 made of a ceramic material and an 
electrically conductive layer made of copper attached to the support layer 21 . 

ro033tr00321 A power semiconductor component 3 in the form of a MOSFET is soldered onto 
the electrically conductive layer 22 made of copper such that a contact surface 31 of the power 
semiconductor component faces away from the substrate 2. Electrical contact is made with one 
of the contacts of the power semiconductor component 3 (source, gate, drain) via the contact 
surface 31, 

f0034ir00331 A connecting line 4 is present on the substrate 2 for electrical contact with the 
contact surface 31 of the power semiconductor component 3. The connecting line 4 is thereby 
used for electrical contact with the contact surface 31 of the semiconductor component 3. 

fOOa5tr00341 A roughly 50 pm thick film 5 comprising a composite material is laminated onto 
the substrate 2 and the power semiconductor component 3 such that the surface contour 11, 
resulting from the power semiconductor component 3, the electrically conductive layer 22 and 
the support layer 21 of the DCG substrate, is mapped in the surface contour 51 of a part 52 of 
the film 5. 

f0036tr00351 To produce the circuit arrangement 1 , the power semiconductor component 3 is 
soldered onto the electrically conductive layer 22 of the DCB substrate 2 such that the contact 
surface 31 of the power semiconductor component 3 faces away from the substrate 2. 

ro037tr00361 The film 5 is then vacuum-laminated onto the contact surface 31 of the power 
semiconductor component 3 and the substrate 2. This produces a close connection between the 
film 5 and the power semiconductor component 3 or the substrate 2. A positive and non-positive 
contact results between the film 5 and the component 3 or the substrate 2. The film 5 is 
connected to the semiconductor component 3 and the substrate 2 such that the surface contour 
11 , which is essentially defined by the form of the semiconductor component 3, is traced. 
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Example 1 : 

t0038tr00371 The composite material of the film 5 has a polyimide plastic material as its base 
material. Powdered aluminum oxide is contained in the plastic material as a filler material. The 
particle size and quantity of the aluminum oxide powder is thereby selected such that a 
coagulation limit is exceeded. The thermal conductivity of the aluminum oxide produces a film 5. 
via which heat resulting during operation of the power semiconductor component 3 can be 
dissipated via a heat sink (not shown). 

fOO3Wr00381 A ccording to a first embodiment a window 53 is then opened in the film 5 by laser 
ablation with the aid of a CO2 laser (Figure 1). This exposes the contact surface 31 of the power 
semiconductor component 3. A thin layer (not shown) made of an electrically conductive 
material made of a titanium-copper alloy is then deposited by precipitation from the vapor phase 
on the contact surface 31 and on regions of the film 5 made of electrically insulating material. To 
increase current carrying capacity a layer made of copper is then deposited by electroplating on 
the layer made of the titanium-copper alloy. This forms the connecting line 4. The result is an 
arrangement comprising a power semiconductor component 3 on a substrate 2, onto which a 
film 5 is laminated. Electrical contact is made with the contact surface 31 of the power 
semiconductor component 3 through the window 53 in the film. The film 5 encloses the power 
semiconductor component 3 such that electrical insulation of the power semiconductor 
component 3 is ensured. This relates in particular to the further electrical contact surfaces (not 
shown) of the power semiconductor component 3. At the same time the relatively high thermal 
conductivity of the aluminum oxide allows the efficient dissipation of heat resulting during 
operation of the power semiconductor component. The coefficient of thermal expansion of the 
composite material of the film 5 is also adjusted by the filler material to that of the silicon in the 
power semiconductor component 3. This produces a stable structure with the film 5 laminated 
onto the power semiconductor component 3 and onto the substrate 2. 

Example 2: 
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roO4CTr00391 In contrast to the previous example the filler material is a powdered metal. The 
film 5 has a first region 54, in which the quantity or density of the filler material in the plastic 
matrix made of polyimide is so small that the coagulation limit is not reached. In the first region 
54 the film 5 is electrically insulating. Electric current is not conducted through the film 5. In 
addition to the first region 54 the film 5 has a second region 55. This second region 55 is 
disposed over the contact surface 31 of the power semiconductor component 3. In the second 
region 55 the quantity or density of the filler material in the plastic matrix is so great that the 
coagulation limit is exceeded. In this second region 55 current can be conducted through the 
film 5. As the second region 55 is disposed over the contact surface 31 of the power 
semiconductor component 3, corresponding contact can be activated electrically via the second 
region 55 of the film 5. 

f0044ir00401 To produce the arrangement 1 according to this example a film 5 with a 
corresponding composite material is laminated into place. In the second region 55 of the film 5, 
through which electrical contact is to be established with the contact surface 31 of the power 
semiconductor component, pressure is applied during lamination with the aid of a stamp such 
that it causes compression of the filler material in this second region 55 of the film 5. 
Compression causes the coagulation limit to be exceeded. Current can be conducted through 
the film 5 in this region 55. To increase current carrying capacity, a copper layer more than 100 
pm thick is deposited on the second region 55 of the film 5 by electroplating. 

Example 3: 

f004aro04n a multilayer structure is present. In addition to the film 5, a further film 6 is 
laminated onto the arrangement of the power semiconductor component 5 on the substrate 2 
such that the surface contour resulting from the power semiconductor component 3, the 
electrically conductive layer 22 and the support layer 21 of the DCB substrate, is mapped in the 
further surface contour 61 of a further part 62 of the film 6. 

fOO43ir00421 The film 5 comprises a composite material according to example 1. This means 
that the film 5 is electrically insulating and thermally conductive. The further film 6 comprises a 
composite material, the base material of which is also a polyimide. This polyimide contains 
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carbon nanotubes in such quantities that the coagulation limit is exceeded. This means that the 
further film is electrically conductive. 

ro044ir00431 See example 1 for production of the arrangement 1 . After the window 53 in the 
film 5 has been opened, the further film 6 is laminated into place. The electrical conductivity of 
the material of the further film 6 means that electrical contact is made with the contact surface of 
the power semiconductor component. 

f004Wr00441 The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered by the claims which may 
include the phrase "at least one of A. B and C" as an alternative expression that means one or 
more of A. B and C may be used, contrary to the holding in Superauide v. DIRECTV, 
69 USPQ2d 1865 (Fed. Cir. 2004). 
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